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THE FORMATION OF SILVER(I) CHLORIDE BY THE ACTION OF SIIAER(I)
IOU: ON CARBON TETRA CHLORIDE IN 2-BUTANOL AND METHANOL
By Ivory V. Nelson, Mazie LeDeaux, and Mary E. Yates
The reaction of silver(I) ion with carbon tetrachloride in 2-butanol
and methanol has been studied. In the concentration range studied
the reaction was found to proceed irrespective of solvent.
Introduction
In a previous publication 
1
, the interaction of copper (I) ion with carbon
(1) I.V. Nelson, R.T. Iwamoto, and J. Kleinberg, J. Amer. Chem. Soc., 86.
264 (1964)
tetrachloride in 2-butanol was described. The reaction was explained by the
ionic attack of copper(I) on carbon tetrachloride with the formation of the
trichlorometbyl (CC13)+
 radical and the subsequent precipitation of copper(I)
chloride; the trichloromethyl radical reacting with the two bases, water and
2-butanol in the reaction mixture. ^,,rlier studies 20
 of the reaction of
mercuric chloride with carbon tetrachloride in methanol, ethanol, and isopropanol
(2) G.A. Razuvaev and N.S. Vasileiskaya, Dokla Akad. Nauk., S.S.S.R. 80,
69(1951). Chem. Abstr., 54, 10721(1957 .
(3) G.A. Razuvaev and Y.A. Sorokin, Shur Obshchei Khim..,
	 1519(1953)
at elevated temperatures have shown that a precipitate of mercurous chloride is
formed. Heberling and McCormack 4
 have observed that ethanolic solutions of
silver nitrate when treated with carbon tetrachloride yield silver chloride,
(4) J.W. Heberling, Jr., and W.B. McCormack, J. Amer. Chem, Soc., Z8, 5433(1956).
an acid, acetaldehyde, and chloroform. Bor. et al. 5 have observed that whPn
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t-etracarbonylcobaltate, Co2(CO) 8, is added to a solution of carbon tetrachloride
in acetone or tetrahydrofuran, the compound Co3(CO) 9CC1 is formed. In view of
the fact that silver(I), copper(I), and mercury(I) undergo marry of the same type
of reactions with the chloride ion, it was of interest to study the nature of
the reaction of silver(I) with carbon tetrachloride in representative alcohols
such as methanol and 2-butanol.
Experimental
Apuaratus -- The reaction vessel was a 125'ml Erlenmeyer flask equipped with a
rubber stopper with two holes to allow for deareation with prepurified nitrogen.
Materials --2-Butanol and anhydrous methanol were dried with anhydrous potassium
carbonate and fractionally distilled after filtration from the potassium carbonate.
Matheson, Coleman, and Bell Spectroquality carbon tetrachloride was used without
further purification. Anhydrous silver perchlorate (G.F. Smith Chemical Company)
was used without any pretreatment. Sodium hydroxide, hydrochloric acid, per-
chloric acid, and ammonium hydroxide solutions were prepared and standardized in
the usual manner.
Procedure-- Deareated sulutions containing approximately t:vo millimoles of
silver(I) perchlorate in fifty milliliters of 2-butanol or methanol and twenty--
five milliliters of carbon tetrachloride were allowed to stand for varying periods
of time (one day to seven days) in the dark, and then the white precipitate,
which was shown to be silver(I 'l chloride was filtered, washed with a 1 : 1
solution of carbon tetrachloride in 2-butanol or methanol, and dried at 110°C.
The filtrate and the washings were combined and after the addition of water
(100-ml/100-ml of solution) were analyzed for various species by potentio:netric
titration .
Duplicate runs were made and subjected to gas chromatographic analysis.
Results and ri g: v9P 4 :-)n
In Table I the anAI7tical C'ataIrC(I	 rcr: z r vibor of typical reactions
between silver(I) perchlorate and carbon tetrachlor-Ide in 2-butanol and methanol
nndar a variety of conditions are summarized.
Table I8
Analytical Data: 	 Reaction of Silver(I)
Perchlorate With Carbon Tetrachloride in 2-Butanol
And Methanol
Ag(I) Time AgCl Strong Acid Weak Acid Total Acid
1.95 30 min 0.02 0.05 1.92 1.97
1.96 1 hr. 0.10 0.11 1.82 1.93
1.95 2 da. 0.12 0.10 1.76 1.86
2.29 2 da. 0.15 0.11 1.99 2.10
1.95 2 da. 0.09 0.10 0.00 0.10b
1.95 2 da. 0.08 0.11 0.00 0.11b
2.02 3 da. 0.24 0.29 1.72 2,01
2.07 4 da. 0.14 0.17 1.82 1.99
2.23 4 da. 0.30 0.38 1.55 1.93
2.03 5 da. 0.18 0.23 1.68 1.91
1.96 5 da. 0.23 0.27 1.64 1.91
0.39 4 da. 0.04 0.04 0.35 0.39
0.39 4 da. 0.04 0.05 0.30 0.35
0.40 3 da. 0.02 0.02 0.00 0.02b
2.27 4 da. 0.03 0.03 2.22 2.25c
1.99 4 da. 0.04 0.03 1.94 1.97c
1.92 4 da. 0.04 0.03 0.00 0.03t''c
allnits in millimoles. Temperature at 25°C
'Ti.trated. with 0.1021 N Ammonia.
,In methanol
From a study of the experimental data of the reaction between carbon
tetrachloride and silver(I) in the two solvents, the following conclusions
can be drawn.
1. The close agreement of the total number of millimoles of silver
chloride formed with the total number of millimoles of strong acid produced,
and the fact that the total number of millimoles of silver(I) added equals the
total number of millimoles of acidic species rule out the possibility that the
reaction oi silver(I) with carbon tetrachloride is a chain reaction. In the
first place when reaction occurs at 25°C, no evidence of such products as
chloroform and 2-butanone are found in the reaction mixture. These products
would be expected to form if the reaction occurred with free radical formation.
2. The production of strong acid species as shown in column four of Table
I, can be explained by the following reactions:
1. Ag+ + CC14 r,ROH 	 AgC1 + CC13
2. CM3+ + 2 ROH ------^1 ROC13 + ROH2+
R = CH3
 or CH3CH2CHCH3
The trichloromethyl cation (CC13 )+
 fcrmed as a result of ionic attack of silver(!)
on carbon tetrachloride functions as a Lewis acid and adds to the solvent,
2-butanol or methanol. If this interpretation of the reaction of silver(I) and
carbon tetrachloride is correct, there should be a 1:1 molar correspondence
between the total quantity of chloride and the quantity of strong acid species.
Examination of the data in Table I reveals that a good correlation does exist
between the amount of chloride ion formed.
3. It is noteworthy that in the titration of the acidic species with
standard aqueous ammonia, no weak species is titrated. This feature can be
reasonably accounted for in terms of the following reactions:
3. NH40H + (ROH2 )+	 H2O + ROH + NH4 +
4. 2 NH2 + Aix+
	Ag(NHJ +
This characteristic, demonstrated by the behavior of the reaction mixture
when titrated with aqueous ammonia, suggests strongly that the weak acid
species is the excess silver(I) ion. Furthermore, close examination of the
data shows that the amount of silver(I) added, and the amount of acidic
species, strong plus weak, equals the amount of silver(I) added.
Gas chromatographic analysis of the reaction products indicated that no
ketone, aldehyde or chloroform was formed in the reaction mixture. This
disagreement with Heberling, at al.4 fizidings may be explained if one considers
that the nitrate anion is a stronger oxidizing agent in alcoholic solutions
than the perchlorate anion. Attempts to produce the aldehyde and chloroform
in ethanol with ethanolic solutions of silver perchlorate and carbon tetra-
chloride wa;3 quite unsuccessful.
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